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ABSTRACT 

We present the initial results from our study of the 
nonthermal continuum emission from the supernova 
remaants Cassiopeia A, MSB 11-61-4, a d  CT-4 1. 
We used the INTEGRAL Core Program data to con- 
duct this study. During the INTEGRAL mission a 
significant fraction of the total observing time (e.g. 
35% in year one) is allocated to the Core Program 
and is analyzed under the auspices of the INTE 
GRAL Science Working Team. We report no sta- 
tistically significant detections thus far but- we will 
continue to analyze the data as more is taken. The 
results so far are consistent with previous measure- 
ments from e.g. RXTE and ASCA. 

Key words: ISM: supernova remnants - Gamma rays: 
observations. 

1. INTRODUCTION 

We present the initial results of our search for non- 
thermal X-ray and gamma-ray emission from the su- 
pernova, remnants (SNRs) Cassiopeia -4 (Cas A), 
CT.4 1, and MSH 11-61a using the first year of IN- 
TEGRAL Core Program (CP) d a t a  

Nonthermal X-ray emission at  or above 10 keV has 
been reported for several young SNRS. In some cases, 
e.g. SN1006 (Koyama et al. 1995), Cas A (Allen et 
al. 1997), RX J1713.7-3946 (G347.3-0.5) (Pannuti 
et al. 2003), and IC 443 (Sturner, Skibo, Dermer, 
& Mattox 1997), this emission is thought to be an 
indication that cosmic rays are being shock acceier- 
ated locally to TeV energies, while in other SNRs, 
e.g. CTA 1 (Slane et al. 1997) and MSH 11-62 (Ha- 
rus, Hughes, & Slane 1998), it is thought to arise 
from a central pulsar or pulsar-driven synchrotron 
nebula. The detection of X-rays from TeV electrons 
from SNRs is seen as the fist step in proving that 

SNRs are the sources of Galactic cosmic rays below 
the “knee” at - lo1* eV. 

2. OBSERVATIONS 

The data analyzed for this paper are from the IN- 
TEGRAL Core Program (CP). The data rights for 
this data belong to the INTEGRAL Science Working 
Team (ISWT). The CP is composed of the Galactic 
Central Radian Deep Exposure (GCDE), Galactic 
Plaue Scans (GPS), aud pointed observations of spe- 
&c targets such as the Vela region. The GPS con- 
sists of a series of overlapping sawtooth pattern slew 
and stare maneuvers. The analyses presented here 
used GPS data taken between spacecraft revolutions 
25 and 92. We will continue to re-analyze the CP 
data as more is taken. The total exposure will thus 
increase significantly over the life of the mission. 

3. DATA .4NALYSTS 

The IBIS/ISGRI data were analyzed using the stan- 
dard techniques as described in the IBIS dnalysis 
User Manual available at the INTEGRAL Science 
Data Centre (ISDC). The OSA 3.0 software release 
was used for all steps in the analysis. The software 
routine iiskyimage was used for all image extrac- 
tions. The images from the individual SCWs were 
then mosaiced together within iiskyimage. 

The SPI data were processed using the standard 
techniques as described in the SPI Analysis User 
Manual available at the ISDC. The OBine Science 
dnalysis (OSA) 3.0 s o h a r e  release was used ex- 
cept for the final flux extraction step. Here we used 
SPIROS v. 6.0 instead of the standard version 4.3.4. 
This new version of SPIROS has improved back- 
ground handling over previous versions (Skinner & 
Connell 2003). SCWs that resulted in a poor 2 
during extraction were not used in the final analysis. 
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Figure 1. The IBIS/ISGRI 15-40 ke V significance 
map for the region surrounding Cas A. There is only 
a marginal detection of Cas A. The pixel with the 
peak significance is 5a, similar to other nearby pixels 
with no corresponding source. 

4. RESULTS 

4.1. Cas A 

Cas A has an angular diameter of - 5‘ and is po- 
sitioned at  I = 111.74’, b = 2.14’ (Green 2004) at 
a distance of 3.4 kpc (Reed et al. 1995). Van den 
Bergh & Kamper (1983), using the motions of fast 
moving knots in the ejecta, estimate an explosion 
date of 1658 k 3. This i s  in rough agreement with 
the postulation of Ashworth (1980) who claimed that 
the supernova that produced Cas A was observed in 
1680 by Flamsteed. 

Allen et al. (1997) observed Cas A with the Rossi X- 
Ray Timing Explorer (RXTE) satellite. Using data 
from the Proportional Counter Array (PCA) and the 
High Energy X-Ray Timing Experiment ( HEXTE), 
they found evidence for a “high-energy tail” in ad- 
dition to the previously known low-energy thermal 
emission. The “high-energy tail” was found to ex- 
tend to at least 60 keV and was described by a 
broken power law with indices I’l = 1.8T::z and 
r2 = 3.04f::ig with a break energy at Eb = 15.9:::43 
keV and. This eniission was interpretted as syn- 
chrotron emission from a nonthermal electron popu- 
lation which extends out to at least 40 TeV. 

We produced IBIS/ISGFU images for individual 
SCWs in the 15-40 keV energy band. These indi- 
vidual images were then mosaiced to produce the 
image shown in Fig. 1. The total ontime was -130 
ksec. Given the small angular size of Cas A, 5‘, and 
the N 12’ angular resolution of IBIS/ISGRI (Uber- 
tini et al. 2003), Cas -4 should appear as a point 
source to IBIS/ISGRI. There is only a very marginal 
detection of Cas A in this enei-gy band. The pixel 
with the peak significance is only 55 and groupings 
of pixels with similar significance are common in the 
region surrounding Cas -4. The significance is even 
lower, - 2 . 6 ~ ~ ~  in the 40-100 keV band. 

E n e r g y  ( k e V )  

Figure 2. The 3a SPI upper limits for the 20-36.4 
keV and 20-120.7 k e V  energy bands. Also shown i s  
the best-fit nonthermal model spectrum of Allen et al. 
(1997). 

Using SPIROS, we derived 3u upper limits in two 
broad energy bands: 20.0-36.4 keV and 20.0-120.7 
keV from the SPI data. In Fig. 2 we show the 35  
SPI upper limits for these energy bands. Comparing 
these results to the best-fit nonthermal component 
spectrum of Allen et al. (1997) using RXTE, we 
find that the SPI upper limits are consistent with 
the RXTE results. The results so far are tantalizing 
but not statistically significant. Additional exposure 
from future GPS observations will prove valuable. 

4.2. CTA 1 

CTA 1 is alarge (- 90’ diameter), composite SNR lo- 
cated well above the Galactic Plane at E = 119.91”, 
b = 10.54’. It exhibits radio emission from an in- 
complete shell (see e.g. Pineault et al. 1993, 1997) 
and X-ray emission from a small, centrally bright- 
ened core (Seward, Schmidt, & Slane 1995; Slane et 
al. 1997). The distance to CT.4 1 is in the range 1.1- 
1.9 kpc (Sieber, Salter, & Mayer 1981; Pineault et 
al. 1993). The age of CTA 1 has been estimated to 
be from 12,400 years (Sieber, Salter, & Mayer 1981) 
to 20,000 years (Slane et al. 1997). 

Slane et al. (1997) found, using ASCA GIS data, 
that -60% of the 0.5-10 keV X-ray emission in a 
central circular region of radius 18.5’ was due to  non- 
thermal processes. Further restricting the region of 
interest to a region of radius 9.2’, they found that 
78% of the 0.5-10 keV emission was nonthermal. The 
nonthermal X-ray emission from this central 9.2‘ re- 
gion was well fit by a powerlaw with a photon index 
of 2.03f:::; with no evidence for a break or cut-off 
below 10 keV. The integrated nonthermal X-ray flux 
from the central 18.5’ radius region was 2.35 x 
ergs cm-2 s-l (Slane et  al. 1997) 
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Figure 3. m e  IBIS/ISGRI 15-40 keV significcmce 
map for the v - o n  sumunding CTA 1. CTA 1 6 
not conclusively detected by IBIS/ISGRI using this 
data set. The peak significance near the position of 
CTA 1 is - 2a. 

Seward, Schmidt, & Slane (1995) list nine X-ray 
sources near CTA 1 that were unresolved by the 
ROSAT PSPC. One off these compact sources is l e  
cated at the peak of the central X-ray emission. The 
existence of this compact source at the center of the 
nonthermal emission has been taken as strong evi- 
dence for a pulsar and an accompanying pulsar wind 
nebula (PWN) at the center of CTA 1 (e.g. Slane et 
al. 1997; Brazier et al. 1998). Searches for a pulsar 
have been conducted but with no positive results as 
yet (see e-g. Slane et al. 1997; Biggs & Lyne 1996; 
Lorimer, Lyne, & Camilo 1998). 

We produced IBIS/ISGFU images for the region 
around CT-4 1 for individual SCWs in the 15-40 keV 
energy band. These individual images were then m e  
saiced to produce the image shown in Fig. 3. The 
total ontime was only -85 ksec. This is lower than 
for the other SNRs and is mainly due to the fact 
that CT-4 1 is significantly above the Galactic Plane. 
CTA 1 is not conclusively detected by IBISjISGFU 
using this data set. The peak significance near the 
position of CTA 1 is only - 2a. 

Using SPJROS, we derived 30 upper limits in three 
broad energy bands: 20.0-36.4 keV, 36.446-3 keV, 
and 66.3-120.7 keV from the SPI d a t a  In Fig. 4 we 
show the 3a SPI upper limits for these energy bands. 
Comparing this data to  the besbfit nonthermal com- 
ponent spectrum of Slane et al. (1997) using ASCA, 
we find that the SPI upper limits are signifmtly 
above the extrapolation of the ASCA results. The 
SPI data so far do not restrict the extrapolation of 
the power law to beyond 120 keV. 

4.3. MSH 11-61-4 

MSH ll-61A (G290.1-0.8) is a 19' x 14' SNR located 
at I = 290.14", b = -0.76". It is a shell-type remnant 
in the radio but is centrally filled in the X-ray (Green 
2004). Slane et al. (2002) showed that unlike CT-4 1, 
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Figure 4.  The SPI 30 upper limits for the 20-36.4, 
36.4-66.3, and 66.3-120.7 keV energy bands (points). 
Also shown is the best-fit model for the nonthermal 
emission of Slane et al. (1997). The dashedpdion 
of the line is an extrapolation of the fit beyond the 
ASCA data used to produce i t  The ASCA data are 
well below the SPI upper limits. 

the centrally concentrated X-ray emission from MSH 
11-61-4 is mostly thermal in origin. They found that 
the ratio of the thermal to nonthermal flux in the 
0.510 keV band was - 82. The best-fit temperature 
for the thermal X-ray emission was 0.60 f 0.03 keV 
and the best-fit spectral index for the nonthermal 
component was 1.4 -f 0.8. Slane et al. (2002) fbd 
that they can adequately model the X-ray emission 
of MSH 11-61.4 if the SNR age and distance are 1- 
2x104 years and 8-12 kpc. 

A young pulsar, PSR 51105-6107, has been discov- 
ered - 22' from the center of MSH 11-61.4 (Kaspi 
et al. 1997). This pulsar has a period of 63 111s and 
an estimated distance from its dispersion measure of 
7 kpc. The characteristic age of the pulsar is 63,000 
years. The X-ray emission from PSR J1105-6107was 
characterized by a power-law spectrum with photon 
index 1.8 f 0.4 with an unabsorbed 2-10 keV flux of 
(6.44~ 0.8) x ergs cm-2 s-l (Gotthelf & Kaspi 
1998). 

We again produced IBIS/ISGRI images for the r e  
gion around MSH ll-61A for individual SCWs in 
the 15-40 keV energy band. These individual images 
were then mosaiced to produce the image shown in 
Fig. 5. The total ontime was -115 ksec. Neither 
MSH 11-61-4 nor PSR 51105-6107 are detected us- 
ing this dataset, the significances are actually nega- 
tive near the positions of these two objects. 

We were able to  derived 30 upper limits in three 
broad energy bands: 20.0-36.4 keV, 66.3-120.7 keV, 
and 120.7-219.7 keV from the SPI d a t a  In Fig. 6 we 
show the 30 SPI upper limits for these energy bands. 
We compare these upper limits to both the nonther- 
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Figure 5. T h e  IBIS/ISGRI 15-40 keV significance 
map for the region around MSH11-6lA. Neither 
MSH 11-61A nor PSR 51105-6107 are detected us- 
ing this dataset (peak significances in the region are 
< 0). 

mal component of the X-ray spectrum from MSH 
11-61.4 and the spectrum observed from PSR J1105- 
6107. We find that the SPI upper limits are signif- 
cantly above the extrapolation of the previous re- 
sults. We conclude that MSH 11-61A is not detected 
by either SPI or IDIS/ISGRI using this dataset. 

5. CONCLUSIONS 

We can not yet report a stastiscally significant de- 
tection for any of these objects. The upper limits we 
report are consistent with the spectral results from 
previous missions. Of the three SNRs reported on 
here, it is apparent that only Cas A will be detectable 
by SPI given any reasonable observation time, e.g. 
21 Msec. 
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